Specification 
Title of the Invention 
Flat Display and Method of Mounting 
Field Emission Type Electron-Emitting Source 

Background of t he Invention 

The present invention relates to a flat 
display which emits light upon being bombarded on 
phosphors with electrons emitted from a field emission 
type electron-emitting source, and a method of mounting 
a field emission type electron-emitting source. 

In recent years, in a flat panel (flat) 
display, e.g., an FED (Field Emission Display) or flat 
vacuum fluorescent display, which emits light when 
electrons emitted from an electron-emitting source are 
bombarded on its light-emitting portion comprised of 
phosphors formed on a counter electrode, one using 
carbon nanotubes in its electron-emitting source has 
been proposed. In a carbon nanotube, a graphite single 
layer is cylindrically closed, and a 5-membered ring is 
formed at the distal end of the cylinder. Since the 
carbon nanotube has a typical diameter of as very small 
as 10 nm to 50 nm, upon application of an electric field 
of about 100 V, it can field-emit electrons from its 
distal end. 

Japanese Patent Laid-Open No. 11-162383 
(reference 1) proposes a flat display using carbon 



nanotubes in its electron-emitting source of this type. 
Reference 1 describes an electron-emitting source in 
which needle-like columnar graphite members with a 
length of several /jm to several mm and formed of a 
5 carbon nanotube assembly are fixed with a conductive 
adhesive, and an electron-emitting source formed by 
printing a paste mixed with columnar graphite members. 

In these electron-emitting sources, a 
discontinuous portion such as a projection or recess is 

10 sometimes formed. If a parallel electric field is 

applied to obtain field electron emission, the electric 
field concentrates on the discontinuous portion to cause 
local electron emission. Local electron emission causes 
a luminance nonunif ormity on a flat display using such 

15 an electron-emitting source. 
Summary of the I nvention 

It is an object of the present invention to 
provide a flat display with which a uniform luminance 
free from a luminance nonunif ormity can be obtained and 

20 a method of mounting a field emission type 
electron-emitting source . 

In order to achieve the above object, 
according to the present invention, there is provided a 
flat display comprising a substrate, a field emission 

25 type electron-emitting source mounted on the substrate, 
a front glass member opposing the substrate through a 
vacuum space and having light transmittance at least 
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partially, an electron extracting electrode with an 
electron passing hole and set away from the 
electron-emitting source to oppose the substrate, and a 
phosphor film formed on a surface of the front glass 
5 member which opposes the substrate, the 

electron-emitting source comprising a plate-like metal 
member with a large number of through holes and serving 
as a growth nucleus for nanotube fibers, and a coating 
4* film formed of nanotubes that cover a surface of the 

^3 10 metal member and inner walls of the through holes. 
O Brief Description of the Drawi ngs 

%J Fig. 1A is a perspective view of the main part 

s of a flat display according to an embodiment of the 

SJ present invention, and Fig. IB is an enlarged sectional 

m 15 view of the electron-emitting source portion shown in 

y[ Fig. 1A; 

Fig. 2A is a plan view of a metal substrate 
showing a manufacturing process for the 

electron-emitting source shown in Fig. 1A, and Fig. 2B 
20 is an enlarged plan view of the metal member shown in 
Fig. 2A; and 

Figs. 3A and 3B are a plan and sectional views, 
respectively, showing a state wherein the 

electron-emitting source shown in Fig. 1A is attached to 
25 a glass substrate by using metal substrate fixing jigs. 
Description of the Preferred Embodiment 

The present invention will be described in 
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detail with reference to the accompanying drawings. 

Fig. 1A shows a flat display according to an 
embodiment of the present invention. Referring to 
Fig. 1A, a plurality of substrate ribs 104 vertically 
5 stand on a glass substrate 101 to be parallel to each 

other at a predetermined interval, and a band-like field 
emission type electron-emitting source 110 is arranged 
on the glass substrate 101 sandwiched by the substrate 
ribs 104. The field emission type electron-emitting 
p 10 source 110 is fixed to the surface of the glass 
q substrate 101 with an insulating paste 106 containing 

#p low-melting frit glass. 

~ A transparent front glass member 103 is 

^ arranged to oppose the glass substrate 101, and a 

z] 15 plurality of front surface ribs 105 vertically stand on 

H* that surface of the front glass member 103 which opposes 

the glass substrate 101, to be parallel to each other at 
a predetermined interval, such that they are 
perpendicular to the substrate ribs 104. The lower end 
20 faces of the front surface ribs 105 and the upper end 

faces of the substrate ribs 104 are in contact with each 
other at their intersecting portions. A phosphor film 
140 is formed on that region of the surface of the front 
glass member 103 which is sandwiched by the front 
25 surface ribs 105, and a metal back film 130 serving as 
an anode is formed on the surface of the phosphor film 
140. 
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A plurality of ladder-like electron extracting 
electrodes 120 opposing the metal back film 130 are 
supported on the upper end faces of the substrate ribs 
104 to correspond to the respective regions defined by 
the front surface ribs 105. The glass substrate 101 and 
front glass member 103 oppose each other at a 
predetermined distance through a spacer glass frame (not 
shown) , and their peripheries are adhered to the two 
surfaces of the spacer glass frame with low-melting frit 
glass. The interior of an envelope constituted by the 
glass substrate 101, front glass member 103, and spacer 
glass frame is held at a vacuum degree on the order of 
10~ 5 Pa. 

The glass substrate 101, front glass member 
103, and spacer glass frame constituting the envelope 
are made of low-alkali soda-lime glass, and the glass 
substrate 101 and front glass member 103 use flat glass 
with a thickness of 1 mm to 2 mm. The substrate ribs 
104 are made of an insulator formed by screen-printing 
an insulating paste containing low-melting frit glass 
repeatedly on the glass substrate 101 to a predetermined 
height, and calcining the printed insulating paste. In 
this case, each substrate rib 104 is formed to have a 
width of 50 jum and a height of 0.3 mm to 0.6 mm from 
the electron-emitting source 110. The rib interval is 
set such that the electron-emitting source 110 has a 
width of 0.3 mm. 



The substrate rib 104 is not limited to the 
above arrangement, and its width suffices as far as it 
does not cause dielectric breakdown between the adjacent 
electron-emitting sources 110 and can stand the 
atmospheric pressure. The height of the substrate rib 
104 is preferably small within a range not causing 
discharge between the electron-emitting source 110 and 
electron extracting electrode 120. The rib interval can 
also be changed when necessary. 

As shown in Fig. IB, the electron-emitting 
source 110 is comprised of a plate-like metal member 111 
with a large number of through holes 117 and serving as 
a growth nucleus for nanotube fibers, and a coating film 
112 made of a large number of nanotube fibers that cover 
the surface of the plate-like metal member 111 and the 
inner walls of the through holes 117. The plate-like 
metal member 111 is a metal plate made of iron or an 
iron-containing alloy. The through holes 117 are formed 
in a matrix in the plate-like metal member 111 so the 
plate-like metal member 111 has a grid-like shape. 

The openings of the through holes 117 may be 
of any shape as far as the coating film 112 is uniformly 
distributed on the plate-like metal member 111, and the 
sizes of the openings need not be the same. For example, 
the openings may be polygons such as triangles, 
quadrangles, or hexagons, those formed by rounding the 
corners of such polygons, or circles or ellipses. The 



sectional shape of the plate-like metal member 111 
between the through holes is not limited to a square as 
shown in Fig. IB, but may be any shape such as a circle 
or ellipse constituted by curves, a polygon such as a 
triangle, quadrangle, or hexagon, or those formed by 
rounding the corners of such polygons. 

The nanotube fibers constituting the coating 
film 112 have thicknesses of about 10 nm or more and 
less than 1 jum and lengths of about 1 jam or more and 
less than 100 jam , and are made of a carbon fibrous 
material. The nanotube fibers suffice if they are 
single-layered carbon nanotubes in each of which a 
graphite single layer is cylindrically closed and a 
5-membered ring is formed at the distal end of the 
cylinder. Alternatively, the nanotube fibers may be 
coaxial multilayered carbon nanotubes in each of which 
plurality of graphite layers are multilayered to form a 
telescopic structure and are respectively cylindrically 
closed, hollow graphite tubes each with a disordered 
structure to produce a defect, or graphite tubes filled 
with carbon. Alternatively, the nanotubes may mixedly 
have these structures. 

Each nanotube fiber described above has one 
end connected to the surface of the plate-like metal 
member m C r the wall surface of the through hole, and 
the other end curled or entangled with other nanotube 
fibers to cover the metal portion constituting the grid 



thereby forming the cotton-like coating film 112. In 
this case, the coating film 112 covers the plate-like 
metal member 111 with the thickness of 0.05 mm to 
0.20 mm by a thickness of 10 //m to 30 //m to form a 
5 smooth curved surface. 

The front surface ribs 105 are made of an 
insulator formed by screen-printing an insulating paste 
containing low-melting frit glass repeatedly at 
□ predetermined positions of the inner surface of the 

yp 10 front glass member 103 to a predetermined height, and 
p calcining the printed insulating paste. In this case, 

V] each front surface rib 105 is formed to have a width of 

I* 50 //m and a height of 2.0 mm to 4.0 mm between the 

r; electron extracting electrode 120 and metal back film 

rf 15 130. The rib interval is set such that the phosphor 

y i 

~ film at a region sandwiched by the front surface ribs 

105 has a width of 0.3 mm. 

The front surface rib 105 is not limited to 
the above arrangement, and its width suffices as far as 
20 it does not cause dielectric breakdown between the 

adjacent metal back films 130 or electron extracting 
electrodes 120 and can stand the atmospheric pressure. 
The height of the front surface rib 105 can be changed 
in accordance with the voltage to be applied to the 
25 metal back film 130. The rib interval can also be 
changed when necessary. 

A phosphor film 140 is made up of a plurality 
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of phosphors with predetermined emission colors, and is 
formed by screen-printing a phosphor paste of each color 
in a stripe on the inner surface of the front glass 
member 103, and calcining the printed stripe to have a 
5 thickness of 10 //m to 100 //m and a width of 0.3 mm. 
The phosphor film 140 is comprised of a red-emitting 
phosphor film 140R using a red-emitting phosphor used to 
display red (R) , green-emitting phosphor film 140G using 
□ a green-emitting phosphor used to display green (G) , and 

jj 10 blue-emitting phosphor film 140B using a blue-emitting 
=3 phosphor used to display blue (B) . The phosphor film 

*1 140 is repeatedly arranged in the order of the 

red-emitting phosphor film 140R, green-emitting phosphor 
~i film 140G, and blue-emitting phosphor film 140B in the 

zf 15 regions defined by the front surface ribs 105. 
3 As the respective phosphor films 140R, 140G, 

and 140B for R, G, and B, known oxide phosphors or 
sulfide phosphors which are generally used in a 
cathode-ray tube or the like and emit light upon being 
20 bombarded with electrons accelerated by a high voltage 
of 4 kV to 10 kV can be used. Although three types of 
phosphor films are used for emitting three primary 
colors of R, G, and B in color display, the present 
invention is not limited to this, and a phosphor film of 
25 one type may be used for monochrome display. The metal 
back film 130 is formed of an aluminum thin film with a 
thickness of about 0.1 //m , and is formed on the surface 
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of the phosphor film by using a known vapor deposition 
method . 

The electron extracting electrodes 120 are 
made of a 50- jum thick stainless steel plate or a 42-6 
alloy plate, and have ladder-like shapes with 
rectangular electron passing holes 121 formed by etching 
Of each electron extracting electrode 120, the width is 
fitted between the front surface ribs 105, and the side 
piece portion is arranged on the substrate ribs 104 and 
above the center line of the electron-emitting source 
110. The electron passing holes 121 are not limited to 
have rectangular shapes, but may have other shapes, i.e. 
they may constitute a mesh structure, or may be a large 
number of circular openings with a diameter of 20 jum to 
100 //m . 

A method of manufacturing a flat display 
described above, which includes the step of adhering the 
electron-emitting sources 110 to the glass substrate 101 
will be described with reference to Figs. 2A, 2B, 3A, 
and 3B. 

[Formation of Electron-Emitting Source] 

First, as shown in Fig. 2A, a metal substrate 
113, integrally having the plurality of band-like 
plate-like metal members 111 with the large number of 
through holes 117 and arranged parallel to each other at 
a predetermined interval and a pair of holding members 
115 opposing each other through the band-like plate-like 



metal members 111 and for holding the two ends of each 
band-like plate-like metal member 111, is fabricated. 
The pair of holding members 115 have two sets of 
mounting through holes 116 at opposing positions. As 
5 shown in Fig. 2B, each plate-like metal member 111 has 
the through holes 117 formed in a matrix, so it has a 
grid-like shape. 

In fabrication of the metal substrate 113, a 
photosensitive resist film formed on a metal plate made 

10 of iron or an iron-containing alloy is exposed with 

light or ultraviolet rays by using a mask with a pattern 
for forming the plate-like metal members 111 with the 
large number of through holes 117 and the holding 
members 115 integrally, and developed, thereby forming a 

15 resist film with a desired pattern. Then, the metal 
plate is dipped in an etching solution to remove an 
unnecessary portion of it where no resist film is formed. 
After that, the resist film is removed and the resultant 
structure is washed, thus obtaining the metal substrate 

20 113. 

In this case, the through holes 117 may be 
formed into arbitrary shapes by the mask pattern. If a 
pattern is formed on the resist film on one surface of 
the metal plate while leaving the resist film on the 
25 other surface intact, the sectional shape of the metal 
portion between the adjacent through holes and 
constituting the grid becomes trapezoidal or triangular. 
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If patterns are formed on the resist films on the two 
surfaces , the sectional shape becomes hexagonal or 
rhombic. The sectional shape can be changed in this 
manner in accordance with the manufacturing methods and 
5 manufacturing conditions* After etching, if 

electropolishing is performed, a curved sectional shape 
can be obtained. 

Iron or an iron-containing alloy is used as 

q the material of the metal substrate 113, because iron 

-5 

lf * 10 serves as a growth nucleus for the nanotube fibers made 



D 



of carbon. When iron is selected as the material of the 
metal substrate 113, industrial pure iron (Fe with a 
W purity of 99.96%) is used. This purity is not 

O specifically necessary, and may be, e.g., 97% or 99.9%. 

O 15 As the iron-containing alloy, for example, a 42 alloy 

O (42% Ni) or 42-6 alloy (42% Ni and 6% Cr) can be used. 

However, the present invention is not limited to them. 
In this embodiment, a 42-6 alloy thin plate with a 
thickness of 0.05 mm to 0.20 mm was used considering the 
20 manufacturing cost and availability. 

Subsequently, the coating film 112 formed of 
carbon nanotube fibers is formed on the metal substrate 
113 by thermal CVD (Chemical Vapor Deposition) . More 
specifically, the metal substrate 113 is loaded in a 
25 reaction vessel, and the interior of the reaction vessel 
is evacuated to vacuum. Then, methane gas and hydrogen 
gas , or carbon monoxide gas and hydrogen gas are 
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introduced into the reaction vessel at a predetermined 
ratio to maintain the interior of the reaction vessel a 
1 atm. In this atmosphere, the metal substrate 113 is 
heated by an infrared lamp for a predetermined period o 
time to grow the carbon nanotube fiber coating film 112 
on the surface of the metal surface 113 and the inner 
walls of the through holes 117 constituting the grid. 
When thermal CVD is used, carbon nanotube fibers which 
constitute the coating film 112 can be formed in a 
curled state. 

[Mounting of Electron-Emitting Source] 

The insulating paste 10 6 for adhering the 
electron-emitting source 110 is applied to the glass 
substrate 101 constituting the envelope. More 
specifically, the insulating paste 106 containing 
low-melting frit glass is screen-printed on that region 
on the glass substrate 101 where the electron-emitting 
source 110 is to be arranged. The insulating paste 
containing low-melting frit glass is screen-printed on 
those regions on the glass substrate 101 where the 
substrate ribs 104 are to be arranged repeatedly to a 
predetermined height. The glass substrate 101 is 
calcinated by heating it in air to 400°C, thereby 
removing a binder contained in the paste. 

As shown in Fig . 3B, the metal substrate 113 
formed with the coating films 112 is placed on the 
calcinated glass substrate 101 by using a metal 



attaching jig 150. The metal attaching jig 150 has a 
groove 151 with a depth almost equal to the thickness of 
the glass substrate 101, so it can accommodate the glass 
substrate 101. Two sets of projections 152 are formed 
5 on ridges 150a, which oppose each other through the 
groove 151, to correspond to the through holes 116 
formed in the holding members 115 for the metal 
substrate 113. 

As shown in Fig. 3B, the calcinated glass 

10 substrate 101 is accommodated in the groove 151 of the 
metal attaching jig 150, and the through holes 116 of 
the holding members 115 are engaged with the projections 
152 of the metal attaching jig 150, thereby placing the 
metal substrate 113 with the coating film 112 on the 

15 glass substrate 101. Subsequently, the holding members 
115 are urged against the upper surfaces of the ridges 
150a of the metal attaching jig 150 with a pair of 
strip-like retaining jigs 153 mounted on the two sides 
of the groove 151, thereby fixing the metal substrate 

20 113. The glass substrate 101 and projections 152 are 
arranged such that, when the through holes 116 of the 
holding members 115 for the metal substrate 113 are 
engaged with the corresponding projections 152, the 
metal member 111 with the coating film 112 and serving 

25 as the electron-emitting source 110 coincides with the 
region printed with the insulating paste 106 for 
adhering the electron-emitting source 110. 
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The metal attaching jig 150 on which the glass 
substrate 101 and metal substrate 113 are mounted is 
heated in a nitrogen atmosphere or an air atmosphere 
with a reduced oxygen partial pressure to 400°C to 600°C. 
5 Then, frit glass contained in the insulating paste 106 
is fused, so the metal member 111 with the coating film 
112 is fixed partially buried in the insulating paste 
106. If the insulating paste 106 is thin, that portion 
of the coating film 112 formed on the plate-like metal 

10 member 111 which is to be adhered to the insulating 
paste 106 may be removed in advance. 

Stainless steel as the material of the metal 
attaching jig 150 has a larger coefficient of thermal 
expansion than that of low-alkali soda lime glass as the 

15 material of the glass substrate 101 or that of the 42-6 
alloy as the material of the metal substrate 113. When 
heating is performed at 400°C to 600°C, the metal 
attaching jig 150 is expanded to be larger than the 
metal substrate 113, and accordingly the metal substrate 

20 113 is adhered with a tensile force being applied to it. 
When the temperature is restored to room temperature, a 
contraction force is generated in the plate-like metal 
member 111 adhered to the glass substrate 101 and with 
the coating film 112. 

25 The glass substrate 101 is removed from the 

metal attaching jig 150, and the holding members 115 are 
separated from the metal substrate 113 adhered to the 
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glass substrate 101. In this manner, the glass 
substrate 101 adhered to cause the contraction force and 
with the electron-emitting source 110 is obtained. 

In the above embodiment, the substrate ribs 
104 are formed by printing on the glass substrate 101 
before the plate-like metal member 111 is adhered to it. 
If the substrate ribs 104 are not used, only the 
insulating paste 106 for adhering the electron-emitting 
sources 110 may be printed on the glass substrate 101. 
The insulating paste 106 containing low-melting frit 
glass is used as the adhesive. However, the present 
invention is not limited to this, and a conductive paste 
such as a silver paste may be used instead as far as it 
is an adhesive containing frit glass. The method of 
fixing the electron-emitting source 110 to the glass 
substrate 101 is not limited to fixing the whole 
electron-emitting source 110 with the adhesive, but the 
electron-emitting source 110 may be fixed with the 
adhesive partly, e.g., at only its two ends. 

The operation of the flat display manufactured 
in the above manner will be described. 

In the flat display according to this 
embodiment, a DC power supply voltage is applied between 
the electron extracting electrode 120 and 
electron-emitting source 110 such that the electron 
extracting electrode 120 is at the positive potential. 
Hence, an electric field is uniformly applied to the 



nanotube fibers (coating films 112) of the 
electron-emitting source 110 corresponding to the 
intersecting portion of the electron extracting 
electrode 120 and electron-emitting source 110, to 
extract electrons from the nanotube fibers. The 
extracted electrons are emitted from the electron 
passing holes 121 of the electron extracting electrode 
120. At this time, when a positive voltage 
(accelerating voltage) is applied to the metal back film 
130, the electrons emitted from the electron passing 
holes 121 are accelerated toward the metal back film 130. 
The accelerated electrons are transmitted through the 
metal back film 130 and bombard against the phosphor 
film 140, causing it to emit light. 

The electron extracting electrodes 120 and 
electron-emitting sources 110 are formed in 
predetermined numbers in rows and columns, respectively. 
With a positive voltage (accelerating voltage) being 
applied to the metal back film 130, a predetermined 
positive voltage is applied to the electron extracting 
electrodes 120 on the active row, and a predetermined 
negative voltage is applied to the electron-emitting 
sources 110 on the column corresponding to those pixels 
on the active row which are to emit light. This 
operation is sequentially performed for the electron 
extracting electrodes 120 on the first row until those 
on a predetermined row, so that dot matrix display can 



be performed. The electron-emitting sources 110 to 
which the negative voltage is not applied and those of 
the electron extracting electrodes 120 which are on the 
rows other than the active row are set to 0 V. 

According to this embodiment , the nanotube 
fibers serving as the electron emitting-source cover the 
surface of the plate-like metal member 111 and the inner 
walls of the through holes 117 to form the coating film 
112 with smooth surfaces. The electric field is thus 
uniformly applied to the surface, so the field emission 
electrons are emitted not locally but uniformly. As a 
result, uniform field electron emission can be obtained, 
and a uniform luminance can be obtained on the entire 
screen . 

Since a contraction force constantly acts on 
the electron-emitting source 110, the electron-emitting 
source 110 does not deform by thermal expansion, and 
fluctuations in distance between the electron-emitting 
source 110 and electron extracting electrode 120 can be 
suppressed. This prevents fluctuations in luminance, 
thus obtaining a uniform luminance. Since the 
electron-emitting sources 110 are adhered to the glass 
substrate 101 by their entire lengths, vibration of the 
electron-emitting sources 110 caused during driving is 
suppressed, thus preventing noise. 

The present invention is not limited to the 
above embodiment, but can be applied to any type as far 
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as it is a flat display used by adhering, to a substrate, 
a field emission type electron-emitting source 
comprising a plate-like metal member with a large number 
of through holes and serving as a growth nucleus for 
5 nanotube fibers and a coating film formed of nanotube 
fibers that cover the surface of the metal member and 
the walls of the through holes. The present invention 
can be modified in various manners, e.g., a flat display 
^ of a type in which glass or ceramic spacers are used as 

. ?— 

~; 10 the substrate ribs or front surface ribs, a type which 

y has no substrate ribs or front surface ribs but in which 

O two spacer glass members are stacked and electron 

00 extracting electrodes are sandwiched and fixed between 

O the spacer glass members, and a type which has no 

Q 15 substrate ribs or front surface ribs but in which a 
q metal back film also serves as an electron extracting 

electrode, can be formed. 

As has been described above, according to the 
flat display of the present invention, since field 
20 emission electrons are emitted not locally but uniformly, 
a uniform luminance free from a luminance nonunif ormity 
can be obtained. Also, fluctuations in distance between 
the electron-emitting source and the electron extracting 
electrode, which is caused by thermal expansion, is 
25 suppressed, thereby preventing fluctuations in luminance. 
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